We investigate whether prices in experimental asset markets behave differently when participants are required to trade over earned wealth compared to unearned wealth.
Introduction
Individual behaviour in economic experiments frequently deviates from the predictions of traditional economic theory. Recent evidence suggests that the prevalence of this phenomenon may be explained by the origin of the assets used in these experiments. In particular, if the claims to assets are not legitimate in the sense that they are simply endowed to participants -as is predominantly the case -rather than having been earned through effort, then participants may treat those assets as "other people's money". Hence, they may exhibit unexpectedly high levels of otherregarding (Cherry et al, 2002; Oxoby and Spraggon, 2008) and risk-taking (Thaler and Johnson, 1990; Arkes et al, 1994) behaviour. We examine whether this issue of asset legitimacy explains one of the long-standing puzzles in experimental economics -the severity and frequency with which asset price bubbles occur in experimental asset markets of the type designed by Smith et al (1988) .
A 'price bubble' is defined as a sustained period in which the market price of an asset deviates (normally exceeding) from its intrinsic or fundamental value. They pose serious challenges for investors, policymakers, and regulators alike due to their distortionary effects on the price signal, and the chaos they can inflict if they burst.
Since the seminal study by Smith et al (1988) that first documented the bubble-andcrash pattern associated with asset prices in continuous double-auction asset markets with inexperienced participants, an extensive experimental literature has emerged that seeks to understand the drivers of bubbles by varying specific participant and/or institutional characteristics of the original experimental design. However, in virtually all such studies participants are initially endowed with an allocation of cash and stock, which they then use to trade in the experimental market. This failure to legitimise the assets through effort, essentially giving participants 'free money', has the potential to elicit a "house-money effect", whereby participants react to their windfall gain by being more risk-taking than they naturally would be if they were trading with their own (earned) money (Thaler and Johnson, 1990) . As a result, they may be more willing to overpay for the asset and engage in speculation, leading to the generation (or at least, amplification) of the bubble-and-crash phenomenon typically seen in such studies.
Earlier studies on house-money effects in experimental market settings are sparse and provide conflicting evidence. While Schwarz and Ang (1989, in Porter and Smith, 1995) and Ang et al (2010) do not find a significantly dampened bubble-andcrash pattern to their prices even when participants are required to trade with their own money (which may or may not be earned), Ackert et al (2006) report a tendency for prices to be significantly higher (and remain so) in markets in which participants are given larger endowments. However, the comparability of such studies is complicated by the fact that they use significantly different experimental designs.
This study contributes to the literature on house money effects in experimental asset markets by taking an alternative methodological approach. The specific question we seek to answer is whether asset prices in experimental asset markets behave differently when participants are required to trade over earned wealth compared to unearned wealth. If the associated house-money effects are important in such markets, then bubbles/mispricing should be significantly more common and severe when trade occurs using endowed wealth. By examining a previously untested class of experiments, we also contribute to the on-going debate in the economic literature about the need to legitimise assets with effort in economic experiments in order to conduct valid tests of theory.
A two-treatment experimental design based on Cherry et al (2002) was implemented to answer our question; one treatment called Earned involved participants completing a money-earning task (a GMAT-based quiz) that determined their initial allocation of cash and stocks, while in the second, called Free, participants were randomly assigned their initial endowment. Participants in both treatments then traded in an experimental asset market based on the standard doubleauction asset market design created by Smith et al. (1988) .
Our results do not support the claim that a house-money effect elicited by the allocation of 'free money' to traders has a significant impact on price behaviour.
Markets in both treatments were characterised by the formation of price bubbles with similar frequency, and the size of the bubbles/mispricing is not significantly different in the Free treatment and the Earned treatment. The use of house-money also did not significantly change the length/duration of any bubbles/mispricing in Free treatment compared to the Earned treatment. Hence, issues of asset legitimacy do not appear to be particularly important for Smith et al type asset markets.
The remainder of this paper is organised as follows. In the next section, we canvass the related literature and develop our hypotheses. We describe our methodology and results in sections 3 and 4 respectively, while our conclusions are presented in section 5.
Related literature and hypothesis development

Endowment origin and asset legitimacy
Traditional (normative) economic theory's contention that the origin of wealth is irrelevant to the decision-making process 5 -that the level of total current wealth is what matters, not how it is obtained, and by extension that incremental costs/benefits are relevant to decisions, whilst historical costs/benefits are not -has been challenged in both the economics and psychology literature. Experimental evidence shows that real peoples' decisions are sensitive to sunk costs (Arkes and Blumer 1985; Garland 1990 ) and that prior gains or windfall gains increase the propensity for individuals to consume and take risk (Thaler and Johnson 1990; Arkes et al 1994) . Thaler and Johnson named this latter phenomenon a 'house-money' effect, which conveys the intuition that people appear to be more willing to risk losing what they consider 'other people's money' than their own.
Given that the endowments used to initiate economics experiments can themselves be characterised as windfall gains or 'other people's money' for participants, recent attention has been directed towards determining if participants behave differently when required to earn their initial endowments. The most striking effects of endowment origin are found in dictator games, which involve two playersthe 'dictator' and 'responder' -in which the dictator must decide how to split a certain sum of money between himself/herself and the responder (the 'responder' is passive and must accept whatever is offered). Although the game-theoretic equilibrium predicts that the dictator will offer nothing to the receiver, experiments using house-money have consistently shown that dictators exhibit other-regarding behaviour, offering a significant portion of their endowments to the receiver.
However, when Cherry et al (2002) require their dictators to earn their wealth via a money-earning task (a GMAT-based quiz), they find that other-regarding behaviour is virtually eliminated. Oxoby and Spraggon (2008) produce similar results in their dictator game experiments and interpret the process of legitimising claims to the assets of the experiment via the expenditure of effort as akin to the establishment of property rights.
However, asset legitimacy does not have similarly strong effects in all types of economic experiments. For example, the level of free-riding or lack-thereof in public good experiments is not affected by whether participants contribute earned money or house money (Cherry et al 2005; Clark 2002 ). Hence, the generalizability of endowment origin effects is an open empirical question. In this study, we seek examine whether issues regarding endowment origin are a relevant concern for a different class of economic experiments -asset markets.
House-money effects in experimental asset markets
Since their seminal study, the experimental asset market designed by Smith et al (1988) has provided the most reliable means to study asset price bubbles; unlike with real-world data, the experimenter can observe the fundamental value of an experimental asset and control the information environment in which investors (i.e. participants) trade. The now standard/baseline experimental market design comprises a continuous double-auction market in which participants trade for a finite number of periods a homogenous hypothetical asset (a 'stock') that pays a stochastic dividend at the end of each trading period whose value is drawn from a probability distribution that is known to all participants (dividend draws are i.i.d.). In such an environment, backward induction should rule out the existence of trade at values exceeding the riskneutral fundamental value. Yet, despite participants possessing common knowledge about the dividend generating process, prices in these markets regularly exhibit marked bubble-and-crash patterns, rising rapidly above the fundamental value in the initial periods, before eventually crashing to intrinsic value towards the end.
Research following Smith et al (1998) focused on replicating this general experimental design while modifying specific aspects, for example, by introducing elements such as short-selling, margin buying, brokerage fees, or futures markets, amongst others 6 , to discern which factors help moderate or eliminate bubbles. The results of these studies indicate that bubbles in experimental markets are robust to altering numerous participant and institutional features. Only common group experience with the experimental market design, at least on the part of a portion of market participants (Porter and Smith, 1994; Dufwenberg, Lindqvist, and Moore 2005 ) is sufficient to reliably ensure trade at fundamental value. More recent research suggests that the inducement of common expectations through training in the fundamental value process (Cheung et al 2012) , or the reduction of apparent participant confusion Kirchler et al 2012) may also have a similar effect.
A common characteristic of virtually all these bubble experiments is that participants are endowed with a combination of cash and/or stock before the commencement of trade. This act of giving participants 'free money' to trade with may contribute to the generation of bubbles by inadvertently influencing participants' risk appetites via a house-money effect.
House money effects have previously been studied in an experimental asset market setting by Schwarz and Aug (1989) , Ackert et al (2006) , and Ang et al (2010) .
The experiments conducted by Schwarz and Aug and Ang et al required participants
to use their own money to trade in some sessions. Prices in their markets however are still prone to bubble and crash, suggesting that any house money effect is negligible.
However, a potential complication with this approach is that the origin of the money is not controlled for -that is, the money brought in by participants is earned by presumption only. Corgnet et al (2013) also point out that asking participants to bring their own money may induce a selection bias, whereby predominantly risk-seeking types who are happy to lose their money self-select into the subject pool. In addition, the results of Ang et al (2010) are based on a very small sample size (2 sessions), owing to the fact that their examination of house-money effects is a robustness test, rather than the focus of their study. Instead of requiring participants to use their own money, Ackert et al. (2006) vary the size of the endowment given to participants, and detect a significant house-money effect on asset prices in their experimental market.
They find that participants who are given a larger endowment are willing to bid larger amounts to acquire the asset. As a consequence, market prices are also significantly higher, and remain so for the duration of their market. These seemingly conflicting results are not directly comparable however, since Ackert et al. (2006) use a markedly different experimental design, namely a Vickery auction in which participants are only able to place bids to purchase new (but identical) assets in each trading period, as opposed to the double auction market used in a typical bubble experiment that allows traders to buy and sell a fixed number of assets. The duration of their market is also significantly shorter, consisting of only 3 trading period instead of the typical 15. In addition, Ackert et al do not explicitly examine the issue of price bubbles, making it difficult it to draw conclusions regarding the issue.
Our study seeks to reconcile the results and rectify the shortcomings of the preceding research by taking an alternative approach to examining the house money effect. Specifically, we incorporate an element of the Cherry et al (2002) methodology -a money-earning stage -into a Smith et al. (1988) type market which allows for a clearer differentiation between 'house/unearned money' and 'earned money', and hence a more robust test of the of the effect of house-money/endowment origin on prices in experimental asset markets.
We note that a concurrent study by Corgnet et al (2013) exists which also seeks to examine the impact of earned and unearned wealth on price bubbles using a money-earning task. The key difference between their study and ours is that they employ a "real effort task" as their money-earning task, while we use a GMAT-based quiz (as in Cherry et al 2002) . The task in Corgnet et al involves participants contributing to the development of a research database by downloading academic research papers in return for a fixed payment, which is then converted into a portfolio of cash and shares for the market. The fixed payment is the same for all participants and is paid out regardless of how much effort they actually expend on the task. In contrast, we explicitly map effort to earnings in our task by allocating participants to one of two markets on the basis of their relative performance in the quiz, where one market (for the better performers) is characterised by higher (expected) earnings than the other. Given the university student sample, the completion of a quiz should still 
Experimental Design
The experiment consisted of 16 sessions conducted at the ASB Experimental
Research Laboratory at the University of New South Wales in August and October 2012, using a student sample recruited through ORSEE (Greiner 2004) . A total of 459 students, predominantly undergraduate, participated in the study, none of whom had any prior experience with market experiments. The experiment was computerised using zTree (Fischbacher 2007) , with the exception of an end-of-experiment questionnaire, which was completed on paper. All trading was conducted in 'francs'
(experimental currency), with earnings converted and paid out in Australian dollars at the end of the experiment at an exchange rate that varied depending on the treatment and the session.
Treatments
A between-subjects design was implemented, consisting of two treatmentsEarned and Free -which differ only in the way in which the initial allocation of assets and cash in the market is assigned to traders. Prior to their involvement in the market, participants in the Earned treatment were required to complete a task that determined their initial allocation. As in Cherry et al (2002) , the task was a timed quiz consisting of questions from the Graduate Management Admissions Test (GMAT).
However unlike their study, in which participants had to answer 17 questions in 40 minutes, participants in our study were given the task of answering 10 multiple-choice questions (5 numerical reasoning, 5 verbal reasoning) in 20 minutes 8 .
To create an incentive for participants to expend effort on the task, the size of the earnings from the task (the initial market allocation) was linked to participants' relative performance. Performance was measured by the number of questions answered correctly. In the event of a tie, the amount of time taken to complete the quiz was considered; the participant who took less time was deemed to have performed better.
The top 50% of performers were allocated to 'high-stakes' (HS) markets, where the initial allocations consisted of twice the amount of cash and assets received by those in 'low stakes' (LS) markets, to which the bottom 50% were allocated. In effect, participants earned their initial allocations in the market. All experiment sessions were designed to consist of two HS and two LS markets. Once participants were assigned to either the HS or LS category of markets on the basis of their performance in the task, they were then randomly allocated to one of the two independent HS/LS markets 9 . That is, their performance in the task played no role in determining which specific HS/LS market they were allocated to. To the extent that GMAT performance correlates with intelligence (and intelligence correlates with trading ability), this was done in order to mitigate the possibility that prices in one HS/LS market varied systemically from the other because it contained more intelligent participants.
In contrast, participants in the Free treatment did not complete a task. Instead, they were randomly assigned to a HS or LS market. Hence, their initial portfolios were simply endowed.
Market Structure
Each experiment session held in August (October) was designed to run 4 separate markets -2 HS and 2 LS -of 8 (6) traders each. The market, which was computerised, involved subjects trading units of a risky asset called 'X' 10 . The market ran for 10 periods, each lasting 3 minutes in the August sessions, and 2 minutes in the October sessions 11 . Trade occurred according to continuous double auction trading rules (Smith 1962) , with an open order book 12 . In each trading period, traders were able to post bids and asks, and/or accept any posted bid or ask, subject to the constraints posed by their holdings of cash and the risky asset. All trades were for single units of the asset. Short selling and buying on margin were not allowed.
At the end of each period, the asset paid a dividend of 0 or 20 francs with equal probability; all units of the asset paid the same dividend at the end of a given period. Dividends were drawn independently each period by the computer, and the probability distribution governing them was known to all participants. Any non-zero dividends paid were added to the trader's cash balance and their end-of-period portfolio carried over to the next period. Since the average dividend in each period is 10 francs, the risk-neutral fundamental value of the asset is equal to the expected total future dividend stream, or 10 multiplied by the number of remaining trading periods (including the current one). Hence, the fundamental value of the asset in our market declined in steps of 10 from 100 francs in period 1 to 10 francs in period 10, before 10 The parameters of the market were adapted from Dufwenberg et al (2005) , whose design consists of minor variations from the baseline market design of Smith et al (1988) in relation to market length, trading period length, the number of traders, and the distribution of the dividend. Dufwenberg et al markets produce price and trading features that qualitatively mirror those of Smith et al (1988) . Our market parameters in the October sessions are identical in all respects to that of Dufwenberg et al. Our August sessions differed from this design in terms of the number of traders (we have 8 vs. 6), and the length of a trading period (3 min. vs. 2 min.). 11 Trading periods in October are shorter because the conditions of the funding for the October sessions necessitated a shorter experiment length. 12 This represents another deviation from the Smith et al (1988) design. The depth of the order book does not significantly affect price behaviour in these markets.
expiring worthless after the final dividend draw.
Traders commenced the market with an initial allocation of cash and assets that depended on whether they were (a) assigned to a HS or LS market and (b) assigned trader type 1 or 2. 13 Subjects knew their own initial allocations, but did not know the initial allocations of others in their market. In each LS market, half the traders were randomly assigned type 1, and began the market with 6 units of the asset and 200 francs, while the remainder, type 2, were allocated 2 units of the asset and 600 francs 14 . Since the fundamental value of the asset is 100 at the start of the market, all traders in the LS market began with a portfolio initially worth (in expectation) 800
francs. Since Type 1 and 2 traders in the HS markets were allocated twice the amounts of cash and assets as their analogues in the LS market, the initial expected value of the portfolios of all HS market traders was twice as much as the LS portfolios, or 1600 francs.
The allocations described above determine the initial liquidity of our markets, which is measured by the cash-to-assets ratio -the ratio of total cash to total fundamental value of all assets at the beginning of the market. Increasing the initial liquidity in an experimental market has been observed to increase the magnitude of bubbles (Caginalp et al 1998 (Caginalp et al , 2000 . Hence, to control for this factor, all our markets were designed to have an initial cash-to-assets ratio of 1, provided that markets contained an even number of participants. However, as some sessions ran with fewer than the full complement of participants, the actual number of markets in a session, the number of traders in a market, and consequently the initial cash-to-assets ratio occasionally varied from the intended design. Summary information on all 13 Subjects in both treatments did not know which trader type they were. Subjects in the Free treatment also did not know if they had been allocated to a high-stakes or low-stakes market.
14 Markets with an odd number of traders had an extra Type 1/Type 2 trader.
experimental sessions, including the number of traders and the initial cash-to-assets ratio in each market is provided in Table 1 .
< Insert Table 1 about here>
Procedures
Earned treatment sessions consisted of three stages -Task, Market, and
Questionnaire -while Free treatment sessions consisted only of the latter two. The duration of an Earned treatment session was approximately 2 hours (1.5 hours in the October sessions), while the Free sessions ran for about 1.5 hours (1 hour in the October sessions) 15 . Written instructions were given to participants in all stages, which were also communicated verbally by the experiment administrator 16 . To mitigate potential interaction effects, participants were not allowed to communicate with each other for the duration of the experiment, while the anonymity of their data was ensured by randomly allocating ID numbers to participants before the start of the experiment.
In the Task stage, subjects in the Earned treatment were given 20 minutes to complete the earnings task on the computer. They were informed that their relative performance in the task would determine their initial allocation of cash and assets in the market, with the top 50% of performers being assigned to markets where the initial portfolios would be twice the size of the initial portfolios in the markets to which the bottom 50% would be allocated. Once all subjects had completed the task, each subject was shown an on-screen summary of their performance including their rank, their allocated market type 17 , and the exact allocation of cash and assets that they would begin the Market stage with.
The Market stage began with participants receiving instructions on how to use the market's trading screen to make and accept bids and offers (5 minutes), followed by 10 minutes where subjects practiced trading using the interface. After the end of the practice period, participants were instructed on the other features of the asset market, following which the market proper began. At the end of each trading period, traders were shown a summary screen of their dividend earnings for that period and their end-of-period cash balance and asset inventory. 
Results
We test our hypotheses by separately comparing HS/LS markets in the two treatments. Given the aforementioned positive association between bubble behaviour and the initial cash-to-assets ratio of the market, we control for its effects by restricting our analysis to markets with an initial cash-to-assets ratio of 1. This results in the loss of 6 Free treatment markets (3 HS and 3 LS), and 3 Earned treatment markets (all LS) from the data, leaving 16 HS and 12 LS markets in the Earned treatment, and 12 HS and LS markets each in the Free treatment.
Descriptive summary of the data
Figure 1 charts the evolution of the median transaction price in the HS markets of each treatment when transactions across all markets are pooled. Median prices in both treatments appear to 'track' fundamental value (FV) in the sense that prices generally decline over the course of the market, and no obvious/large bubble-andcrash phenomenon is present. As is typical in bubble studies with inexperienced participants, prices in both treatments begin below fundamental value and remain there for roughly the first third of the market before going above fundamental value (see Porter and Smith, 1995; Palan, 2013) . The degree of underpricing in this initial stage of the market appears greater in the Free treatment, especially in the first trading period 20 , which potentially indicates better price discovery in the Earned treatment.
However, greater underpricing could also be a result of more risk-averse trading behaviour in the initial stages in the Free treatment, which is inconsistent with the assertion that house-money necessarily encourages greater risk-seeking behaviour. 20 Testing the significance of the difference in Period 1 median prices in the HS markets of Free vs. Earned treatments using a Wilcoxon-Mann-Whitney (WMW) U test returns a marginally significant result (nE = 16, nF = 12, U = 96, p-value (two-sided) = 0.08). Period 2 and 3 median prices are not significantly different.
For the remainder of the market, median prices in both treatments appear to move in tandem, although prices in the Earned treatment seem to converge more rapidly to fundamental value 21 .
The absence of a clear bubble-and-crash pattern in both treatments is also evident in the pooled LS markets, shown in Figure 2 . Compared to the HS markets, median prices in the LS markets of both treatments appear to exhibit more prolonged underpricing in the early stages of the market. In fact, the median price stays below fundamental value in both treatments for the first six periods, compared to only 3 in the case of HS markets. Median prices in the LS markets of the Free and Earned treatments also seem to share a stronger association with each other than in the HS markets, especially in the second half of the market. However, although they generally track FV, median prices in both treatments fail to fully converge to FV, with period 10 median prices exceeding 200% of FV. This lack of convergence is borne out in the data by in the number of overpriced trades, which are defined as transactions that occur at prices exceeding the maximum possible dividend earnings from the asset. These trades occurred more commonly, and their effects felt more strongly, in the latter periods of a market, when trading volumes were relatively low.
While also present in HS markets, they were puzzlingly far more prevalent in the LS markets of both treatments. Hence these trades, possibly driven by irrationality (Lei et al, 2001 ) or speculative interest (or both), appear to be a significant factor behind the lack of convergence to FV late in the LS markets.
< Insert Figure 1 about here > 21 However, differences in median prices between HS markets of the two treatments in periods 7-10 are not statistically significant (WMW test). 
Statistical Analysis
Bubble Measures
To conduct a more rigorous analysis of the individual markets and formally test our hypotheses, we calculate a number of variables commonly used in the literature to detect mispricing/bubbles. These measures can broadly be categorised We now re-state our hypotheses in relation to the above measures as follows.
Hypothesis 1, which contends that bubbles/mispricing is equal in magnitude when participants have to trade over earned wealth compared to unearned wealth becomes: We test this against a two-sided alternative hypothesis which contends that these measures differ significantly between treatments due to the presence of a housemoney effect when participants trade with unearned wealth. Since a house-money effect predicts greater risk-seeking, speculation, and hence mispricing, we also examine the one-sided alternative hypothesis that the above measures are significantly larger in the Free treatment than in the Earned. The sole exception to this is Haessel-R 2 , where the direction of the one-sided alternative is reversed.
Hypothesis 2, which states that trading over earned wealth makes no difference to the length of bubbles/ mispricing, becomes:
H2a: Duration, Boom Duration, and Bust Duration do not differ significantly between the Free treatment and the Earned treatment.
Here, the two-sided alternative once again is that these measures differ significantly between the two treatments. The one-sided alternative for Duration and Boom Duration is that they are significantly larger in the Free treatment than in Earned. If house-money effects lead to higher prices and potentially more prolonged overpricing, then periods of sustained underpricing should be shorter in the Free markets. Hence, the one-sided alternative for Bust Duration is that it is significantly larger in the Earned treatment.
HS Markets
Panels A and B of 
055). Given that differences in Total
Dispersion between treatments is not significant when examined using a one-sided test (p-value = 0.148), it appears that the marginal significance of Normalised deviation is being driven more by trading volume than mispricing.
That Average Bias is not significantly larger in Free treatment than in the Earned (one-sided p-value = 0.58) is especially problematic for the case of a housemoney effect, since it predicts heightened risk-taking/speculative behaviour when trading with unearned wealth and consequently higher prices. Note also that the mean Average Bias in both treatments is close to zero while Total Dispersion averages considerably greater than zero. This suggests that the 'average' HS market in both treatments is characterised by periods of overvaluation and undervaluation that tend 24 The WMW test compares the rank-sums of the observations from two independent samples under the null hypothesis that both samples come from the same underlying distribution. The null is rejected if the observed rank-sum for one of the samples is unusually large/small relative to that expected under the null.
to (mostly) cancel each other out. This is consistent with our earlier observations on the evolution of median prices in the pooled data, as well as the fact that many individual markets are characterised by prolonged under-pricing rather than overpricing.
Turning to the bubble-length measures, the HS markets provide no support to the notion that trading with unearned money prolongs bubbles/mispricing.
Differences between the Free and Earned treatments on all three measures are not significant in all tests. Table 2 about here >
< Insert
LS Markets
The values of the bubble measures from each of the LS markets in the Earned
and Free treatments are shown in Panels A and B of Table 3 H2a, the lack of significance associated with any of the tests involving measures of bubble-length makes the failure to reject it a considerably more straightforward issue.
Even though we use a different earnings task to Corgnet et al (2013) , our results qualitatively mirror theirs. An implication of this is that our main result -that endowed wealth does not distort experimental asset markets -is robust to alternative earnings task types (at least the types tested so far).
Earnings dispersion
One area where our results do not fully coincide with Corgnet et al (2013) This apparent contradiction of Ackert et al (2006) probably has its roots in differences in the initial cash-to-assets ratios of their study and ours. The market design of Ackert et al (2006) involves participants bidding to buy single units of a fixed supply of new stock in each period using an endowment of only cash. As the supply of stock is the same in both treatments, the initial cash-to-assets ratio in their high endowment treatment is necessarily larger than in their low endowment treatment. In contrast, our HS and LS markets both have the same initial cash-to-assets ratio of 1, since larger cash endowments are accompanied by an equivalent increase in the asset supply. Hence, the higher prices associated with larger cash endowments observed by Ackert et al (2006) appear to be driven by the liquidity of their markets (the cash-to-assets ratio) rather than the size of the of the (cash) endowment per se, which is consistent with Caginalp et al (1998; 2000) . Table 5 about here >
< Insert
Conclusion
Recent evidence has drawn attention to the potentially distortionary effects that endowing experiment participants with assets without requiring them to earn them has on individual behaviour. Individuals who experience windfall gains are likely to consume more, take more risk, and display greater other-regarding behaviour than they normally would with their own (earned) money. Of particular relevance to experimental asset markets of the type designed by Smith et al (1988) is the enhanced tendency for risk-taking, or house-money effect, which could amplify the bubble-andcrash patterns observed in such experiments. We examine whether this is indeed the case using a two-treatment design where participants in one treatment are required to earn their initial wealth while participants in the other are simply endowed it. Our results show no significant difference in price behaviour between the two treatments, suggesting that issues regarding asset legitimacy in experimental asset markets are not particularly important and do not confound the results of existing studies.
Legitimising assets with effort does not appear to be necessary for this class of experiment. (6) participants/traders. The allocation of assets and cash within a market was designed so that the beginning ratio of total cash to total asset value (Cash-to-Assets ratio) in a market was equal to 1. The actual number of markets in a session, the number of traders in a market, and the initial Cash-to-Assets ratio occasionally varied from this design due to an insufficient number of participants attending a session. is a goodness-offit measure between average price and FV that shows how much of the variation in average price across periods is explained by changes in fundamental value. Normalised deviation is a measure of aggregate mispricing which takes into account both the absolute deviation of median prices from FV and the volume of trade across all trading periods. Duration is calculated as the maximum number of consecutive trading periods where average price increases relative to fundamental value. Boom (Bust) Duration is the maximum number of consecutive periods where median price exceeds (stays below) FV. We test if these bubble measures differ significantly between the Earned and Free treatments using the non-parametric Wilcoxon-Mann-Whitney (WMW) U test under the null hypothesis is that values in both groups come from the same distribution (i.e. no significant difference). The two-sided alternative hypothesis is that values in both groups come from different distributions. The one-sided alternative hypothesis that we test is that bubble measure values are significantly larger in the Free treatment than in the Earned treatment, except in the case of Haessel R2 and Bust Duration, where it is the opposite. The p-values associated with these tests, shown in Panel C, are calculated using a continuity-corrected normal approximation that is adjusted for ties. Amplitude measures the trough-to-peak change in average price relative to fundamental value (FV), standardised by the fundamental value in each period (HN 2006) . Total Dispersion is the aggregate absolute deviation of median price from FV across all trading periods, while Average Bias measures how far median prices deviate from FV on average. Haessel R 2 is a goodness-offit measure between average price and FV that shows how much of the variation in average price across periods is explained by changes in fundamental value. Normalised deviation is a measure of aggregate mispricing which takes into account both the absolute deviation of median prices from FV and the volume of trade across all trading periods. Duration is calculated as the maximum number of consecutive trading periods where average price increases relative to fundamental value. Boom (Bust) Duration is the maximum number of consecutive periods where median price exceeds (stays below) FV. We test if these bubble measures differ significantly between the Earned and Free treatments using the non-parametric Wilcoxon-Mann-Whitney (WMW) U test under the null hypothesis is that values in both groups come from the same distribution (i.e. no significant difference). The two-sided alternative hypothesis is that values in both groups come from different distributions. The one-sided alternative hypothesis that we test is that bubble measure values are significantly larger in the Free treatment than in the Earned treatment, except in the case of Haessel R2 and Bust Duration, where it is the opposite. The p-values associated with these tests, shown in Panel C, are calculated using a continuity-corrected normal approximation that is adjusted for ties. is a goodness-of-fit measure between average price and FV that shows how much of the variation in average price across periods is explained by changes in fundamental value. Normalised deviation is a measure of aggregate mispricing which takes into account both the absolute deviation of median prices from FV and the volume of trade across all trading periods. Duration is calculated as the maximum number of consecutive trading periods where average price increases relative to fundamental value. Boom (Bust) Duration is the maximum number of consecutive periods where median price exceeds (stays below) FV. We test if these bubble measures differ significantly between HS and LS markets of the Free treatment using the non-parametric Wilcoxon-Mann-Whitney (WMW) U test under the null hypothesis is that values in both groups come from the same distribution (i.e. no significant difference). The two-sided alternative hypothesis is that values in both groups come from different distributions. The one-sided alternative hypothesis that we test is that bubble measure values are significantly larger in HS markets than in the LS markets, except in the case of Haessel R 2 and Bust Duration, where it is the opposite. The p-values associated with these tests, shown in Panel C, are calculated using a continuity-corrected normal approximation that is adjusted for ties. 
Appendinx -Participant Instructions
General instructions
This is an experiment in the economics of market decision-making. The instructions are simple and if you follow them carefully and make good decisions, you may earn a considerable amount of money, which will be paid to you, in cash, at the end of the experiment.
The experiment consists [of two stages. The first stage involves the completion of a task, through which you will earn the money that you will begin the second stage of the experiment with. The second stage will consist] of a sequence of trading periods in which you will have the opportunity to buy and sell in a market. All trading will be in terms of francs. The cash payment to you at the end of the experiment will be in Australian dollars, rounded up to the nearest 5 dollars. The conversion rate is ____ francs to 1 dollar.
The experiment will last no more than 1.5/[2] hours, and will include up to 30 minutes of instructions and practice. Please do not speak with any other participants during this experiment. Please also remember to switch off your mobile phone. Failure to comply with these rules will result in your exclusion from the experiment and the forfeiture of all payments.
[Stage One
You will have 20 minutes to complete a quiz on the computer. The quiz consists of 10 multiple-choice questions taken from the numerical and verbal reasoning sections of the Graduate Management Admission Test (GMAT).
How you perform in the quiz relative to other participants determines your quiz earnings -better performers earn more. Performance is measured by the number of questions answered correctly. Where two or more participants are tied for the number of correct answers, the amount of time taken to complete the quiz is taken into consideration; the participant who has taken less time is deemed to have performed better.
Quiz earnings are awarded in the form of a portfolio of cash and goods that you will begin the second (i.e. next) stage of the experiment with. The top 50% of performers will be assigned to market type A, while the bottom 50% will be allocated to market type B. The initial portfolios in type A markets consist of twice the amount of cash and goods as the initial portfolios in Type B. As a result, they are worth twice as much.
An introduction screen will shortly appear on your computer, detailing the instructions for the quiz. Please read them carefully before clicking "Start Quiz" to begin the quiz. You may use the supplied calculator and working paper to help you answer the questions. Please also note that the usual rules of a test apply.
Once you and all other participants have completed the quiz, the market type (A or B) that you have been assigned to and your quiz earnings will be communicated to you on-screen. This is your private information -do not reveal it to other participants.]
How to use the Computerised Market
Before proceeding [to Stage 2], we introduce the market interface that you will be using for the remainder of the experiment. Please note that any actions you take during this demonstration period will not count towards your earnings or influence your position later in the experiment.
In the top right hand corner of the screen you see how much time, in seconds, is left in the current trading Period. The good that can be bought and sold in the market is called X. In the centre of your screen you see how many units of X you currently have and the amount of Cash that you have available. Note that the amounts shown on your screen are for demonstration purposes only and have no relation to [your performance in the task in Stage 1 (and hence your initial portfolio in Stage 2)] what you will begin the actual market with.
When you would like to offer to sell a unit of X, use the text area entitled "Enter offer to sell" in the first column. In that text area you can enter the price at which you are offering to sell a unit of X, and then select "Submit Offer To Sell". Please do so now. Type in a number in the appropriate space, and then click on the field labelled "Submit Offer To Sell". You will notice that 8 numbers, one submitted by each participant in your market, now appear in the second column from the left, entitled "Offers To Sell". Your offer is listed in blue. You can submit multiple offers; new offers will be added to the list, but will not replace your previous offer(s).
The lowest offer-to-sell price will always be on the top of that list and will, by default, be selected. You can select a different offer by clicking on it. It will then be highlighted. If you select "Buy", the button at the bottom of this column, you will buy one unit of X for the currently selected sell price. Please purchase a unit now by selecting an offer and clicking the "Buy" button. Since each of you had offered to sell a unit of X and attempted to buy a unit of X, if all were successful, you all have the same number of units of X you started out with. This is because you bought one unit of X and sold one unit of X.
When you buy a unit of X, your Cash balance decreases by the price of the purchase, and any existing offers-to-buy submitted by you are cancelled. When you sell a unit of X your Cash balance increases by the price of the sale, and any existing offers-tosell submitted by you are cancelled. You may make an offer to buy a unit by selecting "Submit offer to buy." Please do so now. Type a number in the text area "Enter offer to buy", then press the red button labelled "Submit Offer To Buy". The highest offerto-buy price will always be on top of that list and will, by default, be selected. You can accept any of the offers-to-buy by selecting the offer and then clicking on the "Sell" button. Please do so now. In the middle column, labelled "Transaction Prices", you can see the prices at which X has been bought and sold in this period. The most recent transaction will be listed at the top.
You will now have about 10 minutes to buy and sell X. This is a practice period. Your actions in the practice period do not count toward your earnings and do not influence your position later in the experiment. The only goal of the practice period is to master the use of the interface. Please be sure that you have successfully submitted offers to buy and offers to sell. Also be sure that you have accepted buy and sell offers. If you have any questions, please raise your hand and the experimenter will come by and assist you.
[Stage 2 -] Specific Instructions for the Market
The market consists of you and 7 other traders [who were assigned to the same market type as you ( The market has 10 periods, each lasting 3 minutes. In each period, you may buy and/or sell units of the good called X. X can be considered an asset with a life of 10 periods, and your inventory of X carries over from one trading period to the next. Note that your cash balance and asset inventory cannot fall below zero.
At the end of each trading period, each unit of X pays a dividend, which is randomly determined by the computer. The possible dividend values and the associated likelihoods are shown below:
Since each dividend is equally likely, the average dividend per period is 10 francs. The dividend draws in each period are independent. This means that the likelihood of a particular dividend in a period is not affected by the dividend in previous periods. After the final dividend is paid at the end of period 10, each unit of X expires worthless.
Average Holding Value Table
You can use the table at the end of this document to help you make decisions. It calculates the average amount of dividends you will receive if you hold a unit of X in your inventory for the rest of the market, or equivalently, how much in dividends you give up, on average, when you sell a unit of X at any time. Each of the 5 columns of the table is described below:
1. Ending Period: indicates the last trading period of the market, period 10. 2. Current Period: indicates the period during which the average holding value is being calculated. 3. Number of holding periods: This is equivalent to the number of times a dividend can be received if a unit of X is held in your inventory from the current period to the end of the market. 4. Average Dividend Per Period: gives the average amount that the dividend will be in each period for each unit of X held in your inventory. 5. Average Holding Value Per Unit of Inventory: gives the expected total dividend for the remainder of the experiment for each unit of X that is held in your inventory for the rest of the market. That is, for each unit you hold in your inventory for the remainder of the market, you will receive on average the amount listed in column 5 in dividends. Equivalently, it tells you how much in future dividends you give up on average when you sell a unit in the current period. The number in column 5 is calculated by multiplying the numbers in columns 3 and 4.
Example: Suppose that there are 4 periods remaining. Since the dividend paid on a unit of X has a 50% chance of being 0 and a 50% chance of being 20, the dividend is in expectation 10 per period for each unit of X. If you hold a unit of X for 4 periods, the total dividend paid on the unit over the 4 periods is in expectation 4×10 = 40.
Calculating Your Earnings
Your dividend earnings in each period depends on the number of units of X in your inventory at the end of the period, and is calculated as follows:
PERIOD DIVIDEND EARNINGS = END-OF-PERIOD INVENTORY UNITS x DIVIDEND PER UNIT FOR THAT PERIOD Dividend earnings are added to your cash balance at the end of each period.
When you spend money to buy unit(s) of X, the total amount of cash that you have is reduced by the amount of the purchase. If you sell unit(s) of X, the total amount of cash you have increases by the amount of the sale. Your end-of-period cash balance is calculated as follows:
END OF PERIOD CASH = BEGINNING OF PERIOD CASH + PERIOD DIVIDEND EARNINGS + (SALES REVENUE -EXPENDITURES ON PURCHASES)
Since each unit of X expires worthless after the final dividend payment, your earnings from the experiment will equal the balance of your cash account at the end of the market/experiment. Note that you do not have to calculate your earnings by yourself. The computer does all the work.
There will also be a show up fee of $5 (non-tradable) to all participants.
An earnings report will appear on-screen at the end of each period. After seeing your earnings, press the "Continue" button to go to the next period. The next period will begin once all of you press the "Continue" button. Table   Ending 
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